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A family of different nicotinic acetylcholine receptors (NAChR) exists in vertebrates, 
formed by different homologous subunits (a, (3, y. and § in periphral tissues, a and (3 in neurons) 
and having different pharmacology. Other ligand-gated ion channels (e.g. GABAa receptors, 
glycine receptors, kainate receptors) are structurally related to the NAChRs, and together they form 
a superfamily of ligand-gated ion channels. As more neurotransmitter receptors belonging to this 
family are found, the NAChR, the only receptor which, due to its abundance In peripheral tissues, 
can be studied by biochemical and biophysical approaches, remains the benchmark for 
comparison. The NAChR is the ideal system to define the structure of the members of this 
superfamily, their binding mechanisms, and the molecular events involved in modulation of 
channel function. 

Muscle NAChR may become the target of an autoimmune response in the human disease 
Myasthenia Gravis (MG). Anti-NAChR antibodies in MG are mostly against a set of largely 
overlapping epitopes on the NAChR a subunit, called Main Immunogenic Region (MIR). This 
pathogenic mechanism - autoimmunity to receptors or membrane proteins - may cause other 
diseases - including paraneoplastic syndromes, Graves’ disease and certain forms of diabetes and 
asthma. Because the identity and the structure Of the autoantigen in MG are known, the immune 
response to NAChR in MG patients is presently the only paradigm for this type of pathology. 

An overview of the experimental strategies to investigate the NAChR structure and 
pathology will be presented. Similar approaches can be applied in the future to the other members 
of this superfamily. The overall shape of NAChR was studied by scanning tunneling microscopy 
(STM) techniques, using purified, solubilized Torpgdo NAChR or postsynaptic membrane 
fragments. The transmembrane folding of the NAChR subunits - which, being highly 
homologous, should have identical transmembrane disposition - was studied by immunoelectron 
microscopy, using sequence-specific monoclonal antibodies. The fine structure of three surface 
domains on the NAChR a subunit which are crucial for NAChR function and pathology (the MIR, 
the cholinergic binding site and the ion filter) was investigated by similar approaches, utilizing 
large panels of overlapping synthetic peptides, screening the complete sequence of a subunits from 
different peripheral and neuronal A'ChRs, and high affinity protein.probes for these surface 
domains (i.e. toxins and antibodies). Once the sequence segments forming these functionally 
important domains were identified, panels of synthetic peptide analogues carrying single residue 
substitutions allowed identification of individual residues involved in the formation of the surface 
domain under study.. Biophysical studies (by NMR, CD and fluorescence spectroscopy) of the 
peptides and of their complexes with the antibody and toxin probes further refined identification of 
the tridimensional shape of these surface domains, so that realistic molecular models can be built 

The synthesis of anti-AChR antibodies in MG is controlled by NAChR-specific T-helper 
cells. Because T-cells recognize denatured antigens, synthetic peptides are excellent substitutes for 
the exceedingly scarce human muscle NAChR. We have used overlapping peptides corresponding 
to the complete sequences of human NAChR a, P, y and 5 subunits, to propagate the autoimmune 
T-helper cells and define the structure of the epitopes they recognize. Immunodominant epitopes, 
recognized by all or most MG patients, were identified on the a and y subunits, raising the 
possibility that epitope specific immunosuppressive strategies could be developed for treatment of 
MG. 
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